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ABSTRACT 

The energy spectrum of leptons, produced by the decay of one or 
both IT’s in the reaction e + e _ —» W + W~, is a significant probe of the 
hclicity structure of this process. We calculate the energy spectrum 
cla/dE of a single decay lepton, as well as the two-dimensional energy 
distribution dcr/dE + dE_. We then consider a possible strong final state 
interaction in the longitudinally polarized state of the W + W~ system, 
parametrized by a p-like resonance in the region of 1.8 TeV. We show 
that such a resonance produces measurable effects in the lepton spectrum 
at a/s = 500 GeV. The results are compared with those obtained from a 
non-resonant interaction approximated by a phase factor e zS in the l = 1 
part of the W+W~ amplitude. 
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The differential cross section of the reaction e + e 


W + W in the standard 


model has an intricate hclicity structure, that is reflected in the angular distribution 
of this process [l| : 



( 1 ) 


Here 0 is the angle of the W relative to the e beam, and A_(A + ) are the W {W + ) 


hclicities. Since the amplitude of the reaction is determined by 7 - and Z- exchange 


in the s-channel and //-exchange in the f-channel, the hclicity structure of the process 
is sensitive to the gauge couplings 7 WW and ZWW. 

A measurement of the angular distribution O requires that at least one of the 
W s decays into two jets, whose momenta can be measured in order to determine 
the W~W + production axis. However, even in the absence of information about the 
production angle, very significant information about the hclicity structure of the 
process can be obtained from the energy distribution of the leptons created by the 
decay of one (or both) IT’s: W ± —> £^u. It is important to note that the energy of 
the decay lepton in the laboratory (or e + e~ center-of-mass) frame is directly related 
to the polar angle of emission of the lepton with respect to the PT-direction, in the 
IT-rest frame: 



( 2 ) 


with f3 = (1 — 4 M^/s) 2 , E being the beam energy, E T being the energy of and 


being the angle between the direction of W T and l^. It is convenient to define 
dimensionless variables X T related to E T by 



0 < Xp < 1 


( 3 ) 


Then the two-dimensional spectrum in the energy variables X T is 


dcr 


Bl £ a x _ x+ V x _(X_)V x+ ( 1~X + ) 
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Be being the leptonic branching ratio. 

The nine helicity cross sections <7a_a+ are listed in the Appendix, where for gen¬ 
erality, we give the results separately for e~ and e~ beams. The energy spectrum 
da/dX + dX_ is thus a linear combination of the helicity cross sections <7 a_a+ (inte¬ 
grated over the W~W + production angle), and affords a test of the helicity structure 
of this reaction, without the need to reconstruct the W~W + production axis. If only 
one of the two W s decays leptonically (say, W~ —> the energy spectrum is 

A = fl, E ^v x _{X-) (7) 

A_=±,0 

the function a x _ being given by a x _ = XA + cr A_A+- The energy spectrum for un¬ 
polarized e _ e + beams obtained by averaging the results for e~ and e~ given in the 
Appendix, agrees with that calculated by Dicus and Kallianpur l[2]| . 

We now contemplate a possible strong final state interaction in the W~W + 
system, and its influence on the secondary lepton spectrum. Specifically, we consider 
the idea that longitudinally polarized (A = 0) W~W + pairs may have interactions 
analogous to those in the mr system, producing, among other things, resonances 
in various partial waves |§. A concrete scenario for strong W ~(A = 0)W + (A = 0) 
interaction is provided by the technicolor model [0], in one version of which a p-like 
resonance is predicted with a mass rn p ~ 1.8 TeV and width T p ~ 0.5 TeV. A final 
state interaction of this type has immediate implications for the helicity cross section 
cr 00 , and affects the energy spectrum of the decay leptons. It is this effect that we 
wish to investigate. 

The differential cross section (da/d cos ©)oo corresponding to the helicity state 






W (A = 0)PF + (A = 0) can be written formally as 


(^e) 00 ^ 


+ M[ 


( 8 ) 


where M^ + z and represent the matrix elements corresponding to 7 + Z ex¬ 
change in the s-channel and //-exchange in the ^-channel []!]. In the presence of a 
final state interaction affecting the l = 1 partial wave of the W~W+ system, the 
amplitude which is pure l = 1 , is modified according to 


Ad 00 

JVi ~,+z 


Q(s)M 00 


7 +z 


(9) 


where f2(s) is a form factor representing the final state interaction. The neutrino- 
mediated amplitude _Ad°° contains l = 1 as well as l > 1 components, and is therefore 
modified as follows 0 : 


M° u ° tt(s)M™(l = 1) + M™(1 > 1) 


( 10 ) 


where 


M®°(1 = 1 ) = ^ J dcosQ sin@.M° o (cos 0 ) 
M°°(l > 1) = M° u 0 -M° u 0 (l = 1) . 


Thus equation (|T 0 |) may be written equivalently as 
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00 


AC + (fi(s)~l)AC(* = l) 


( 11 ) 


( 12 ) 


The function f2(s) may be regarded as an Omnes function related to the W L W+ 
p -wave scattering phase shift by || 

5(s')ds' 


f 2 (s) = exp 


s-AMlp^ 


(13) 


7 T J(s'- AMI) (s'- s - ie)_ 

For the purpose of the present investigation, we approximate f2(s) by a Breit-Wigner 
form factor 
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normalized to f2(s = 4 M^) = 1. The parameters m p and T p are chosen to be those 
of the techni -p meson (m p = 1.8 TeV, T p = 0.5 TeV) predicted in some versions of 
the technicolor model. (A more elaborate parametrization of the form factor fi(s), 
based on an analogy with the Gounaris-Sakurai formula for titt scattering, is also 
possible, and has been used in Ref. ||.) We also consider for comparison, a non¬ 
resonant final state interaction characterised by a simple phase factor fl(s) = e 
where 5 is taken to be 10° at yfs = 500 GeV. The modification of the Ad 00 matrix 
elements specified in Eq.@ and (jll]) changes the helicity cross section cr 0 o given in 
the Appendix, leaving the others unchanged. 

The effect of final state interaction on the total cross section for e _ e + —> W~W + 
is shown in Fig.[L|. At y/s = 500 GeV, the cross section is enhanced by about 35% in 
the case of a p-like resonance, and by about 15% in the case of a non-resonant form 
factor with a phase shift of 10°. The effect on the lepton energy spectrum da/dX is 
shown in Fig.^| , for both types of form factor. Note, particulary, the enhancement 
in the region 0.1 < X < 0.6 and the suppression for X > 0.7. 

Finally, we show in Fig.^the distortion in the normalized two-dimensional energy 
spectrum -da/dX_dX + due to final state interaction. This distortion has its origin 
in the characteristic dependence daoo/dX + dX_ ~ X+(l — X + )X_(1 — A_) given in 
Eq.(|6|). We remark once more, that the energy spectra shown in Fig.|2] and Fig.|j 
refer to cross sections integrated over all W~ production angles, and therefore do 
not require measurements of jets to establish the W momentum direction. 

We conclude that the energy spectra of secondary leptons emerging from the 
reaction e _ e + —> W~W + are sensitive to the helicity structure of the W~W + final 
state. A final state interaction of the type expected in technicolor models, produces 
changes in these spectra that would be detectable in an e _ e + collider at = 
500 GeV, assuming an integrated luminosity of 10 4 pb _1 , corresponding to ~ 2 x 
10 4 W~W + events with at least one charged decay lepton |7]. While specific versions 
of the technicolor model may be difficult to reconcile with the high precision tests 
at the Z° resonance Q, the general idea of pion-like dynamics in the longitudinally 


polarized WW system remains an interesting alternative to the standard model of 
clectroweak symmetry-breaking [3J. Our analysis indicates that the energy spectrum 
of leptons from e“e + —> W~W + at c.m. energies yfs ~ 500 GeV could be an effective 
probe of this dynamics. 


APPENDIX A: HELICITY CROSS SECTIONS 

Helicity cross sections cxa_a + for —> W^_W£ in the standard model, in 

units m z = 1, m z being the mass of the Z° boson: 


Coo — C\ 


(—3s/? 12 + 3s 2 /? 12 — 6 sxj3 12 + 6 a;/? 12 — 15s 2 /? 10 + 9 s/3 

108 sa;/? 8 
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with Ci = e 4 /(24a: 2 /? 4 327rs), L = In ^j^ 2 ) and x = sin 2 6* w . 

Hclicity cross sections cr\_\ + for e“e+ —> W^_W\ + in the standard model, in 
units rn z = 1: 

^oo = C 2 (/? 2 - 3) 2 ^ — -^2 
0+_|_ = O'-= C 2 

1 
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FIGURE CAPTIONS 


Figure 1 


Effect of final state interaction on the total cross section for e e + —> W W + . 


Figure 2 Influence of final state interaction on the energy spectrum of the charged decay 
lepton in e _ e + —> W~W + , W~ —> £~v. 

Figure 3 Shown is the correction to the normalized cross section (l/a)(da/dX_dX + ) 
(standard model minus modified) for e _ e + —> W~W + —>■ £~£ + uu in the pres¬ 
ence of final state interaction corresponding to a techni-rho resonance. 
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